Five popular scoring systems for postoperative nausea and vomiting (PONV) were validated and compared with two new predictive models in a Taiwanese population. Nine hundred and ninety-two patients receiving general anaesthesia in a tertiary hospital were investigated in a prospective observational cohort study. Patient demographic data and the incidence of nausea or vomiting in the first 24 hours after surgery were recorded. The overall incidence of PONV was 42%. The area under the curve (AUC) of the five published PONV risk scoring systems was 0.62 to 0.67. Logistic regression analysis in this study cohort showed that female sex and a history of PONV/car sickness were the only statistically significant independent risk factors for PONV (likelihood ratio test P <0.001). The AUCs of our two-predictor and gender-only models were 0.668 and 0.643, respectively (Nagelkerke R 2 =0.122 and 0.109). Goodness-of-fit showed that a two-predictor model predicted an outcome that was in agreement with the observed outcome (P=0.973). Both the two-predictor model and the Apfel score had a similar AUC that was significantly different from the AUCs of the other models. The AUC for the gender-only model in our population was similar to that of the simplified Koivuranta and the Palazzo and Evans scores (AUC=0.659 and 0.632; P=0.137 and 0.513 respectively). All AUCs had only moderate discrimination power but our female gender-only model was much simpler. Using female gender as the only predictor of PONV had predictive power with 75% sensitivity and 54% specificity.
Postoperative nausea and vomiting (PONV) is one of the most common complications affecting patient recovery after anaesthesia [1] [2] [3] . Efforts have been made to identify patients at high risk for PONV and several PONV risk scoring systems (Table 1) have been developed for this purpose [4] [5] [6] [7] [8] . These systems, the Apfel, Koivuranta, Palazzo and Evans, simplified Apfel and simplified Koivuranta risk scoring systems, have been reported to be useful in Euro-American populations and in different hospital settings [9] [10] [11] [12] . However, the discriminatory powers of these systems are moderate 10 and have not been validated in other populations 13 . For example, two recent studies, one from South Africa (including Caucasian and non-Caucasian subjects) and the other from Australia (including Chinese participants), found that smoking is not an independent risk factor for PONV in these populations, a result contrary to risk-score system data from Euro-American populations 14, 15 . The objectives of this study were to validate five currently used risk-score systems in the Taiwanese population and to develop a new scoring system using Taiwanese data.
Materials and methods

Study subjects and data collection
The Ethics Committee of Chia-Yi Christian Hospital granted approval for this study (Ditmanson Medical Foundation Chia-Yi Christian Hospital IRB-97028). Observational data were collected in a 1000-bed tertiary teaching hospital between January 2009 and January 2012, from a cohort of patients having anaesthesia but not receiving prophylactic antiemetic therapy, which is not commonly used at our institution. The cohort included patients having thyroid, breast cancer, intra-abdominal, intrathoracic, ear, nose and throat, and spinal surgery. During the study period, subjects older than 20 years of age, who could communicate well, were admitted for the above types of surgery, and who were scheduled for general anaesthesia, were invited to join the study. Patients who were undergoing emergency surgery or who could not communicate well were excluded. The acceptance rate was 30% to 50%. Signed informed consent forms were obtained from all participants.
Baseline data included gender and age, body weight, height, calculated body mass index, history of PONV after general anaesthesia or of car sickness, perioperative antiemetic drug use, and smoking status. Propofol use, intraoperative and postoperative opioid use and operation duration were recorded ( Table 2 ). Data were collected the day before, on the day of, and on the day after the operation by a research assistant. The two assistants worked independently and were not part of the authors' anaesthesia practice team.
Anaesthetic and surgical procedures and operative or postoperative data collection
No preoperative sedative, analgesic, or antiemetic medication was given. Patients had a rapid-sequence induction of general anaesthesia (with or without fentanyl), using propofol (1 to 2 mg/kg) or sodium thiopentone (3 to 5 mg/kg) and neuromuscular blockade (cisatracurium or rocuronium, with reversal with neostigmine). The patients were all intubated and supervised according to the routine practice of their anaesthetist. They received volumecontrolled ventilation in a semi-closed system with a tidal volume of 7 to 10 ml/kg at a frequency of 10 to 12 per minute and were maintained with sevoflurane or desflurane, without nitrous oxide. During the surgical procedure, one of the research assistants documented the patient's course, the anaesthetic drugs used, any adverse events and the surgical procedure. No patient received preventive antiemetic medication. The use of emergence (including at end-ofsurgery and during post-anaesthesia recovery) opioids and postoperative opioids in the first 24 hours was categorised as 'yes' or 'no'.
Main outcome measures and data collection
The primary outcome of the study was the incidence of PONV during recovery or in the first 24 postoperative hours. All PONV incidents were identified by questioning the patient in the recovery area two hours after the operation and again, 24 hours after return to the ward. Any episode of nausea, retching or vomiting was recorded as 'PONV'.
Statistical analysis
Continuous variables are presented by mean and standard deviation and categorical variables by count and percentage. Differences between group means were analysed by independent two-sample Student's t-test for 
Results
Patient characteristics
Demographics of the groups with, or without, PONV are summarised in Table 2 . There were 413 males and 579 females in the study, of an average age of 57.4 ± 14.7 years. Four hundred and sixteen (42%) of these patients experienced postoperative PONV, with an incidence of 54% (n=312) for females and 25% (n=104) for males. Patients with PONV were younger (P=0.01), more likely to be female, to have had emergence opioid use, or a history of car sickness or PONV (all P <0.03). They had a lower incidence of smoking than those without PONV (P <0.001). The two groups were similar in respect to body mass index, duration of anaesthesia >120 minutes, and propofol and postoperative opioid use. Table 3 shows the odds ratios for risk factors associated with PONV from a logistic regression model based on 992 patients. PONV was associated with gender, or a history of car sickness or PONV, and with laparoscopic, compared to intra-abdominal, surgery. Table 4 shows the incidence of PONV in the 24 hours after surgery, categorised using the simplified Apfel PONV risk score and based on gender. In all grades of the Apfel score, female patients had a significantly higher incidence of PONV than male patients. 
Risk factors
Two-predictor and gender-only models
Based on these results, two variables, namely female gender and car sickness/PONV history were selected for further analysis using two predictor models, a two-predictor model (gender and car sickness/PONV history) and a genderonly model. The goodness-of-fit test yielded a P-value of 0.972 for the two-predictor model and the Nagelkerke R 2 was 0.122 (two-predictor model) and 0.109 (gender-only model). The likelihood ratio test for testing the intercept-only model against this model was P <0.001. Figure 1 shows the ROC curve of the two-predictor model for all patients compared to the ROC curves of the five existing scores. The AUC of the two-predictor model (0.668) was significantly higher than that of the simplified Apfel (AUC=0.614, P <0.001) and simplified Koivuranta (AUC=0.632, P <0.006) systems and similar to those of the other three systems. Figure 2 shows the ROC curve of the gender-only model for all patients compared to ROC curves for the five existing scores. The AUC of the gender-only model (0.643) was significantly lower than those of the Apfel (AUC=0.668, P <0.03) and Koivuranta (AUC=0.674, P <0.013) systems, but significantly higher than the AUC of the simplified Apfel (AUC=0.614, P <0.048) system. It was similar to the simplified Koivuranta and the Palazzo and Evans scores. Table 5 presents the results of all seven ROC curves. The two-predictor risk score model had an AUC equal to that of the Apfel score and was significantly larger than those of the other two commonly used simplified score systems. The one-predictor model also had a higher AUC than the other simplified PONV prediction models. However, all seven models had comparable and only moderate discriminatory power.
Discussion
In this study of a Taiwanese population, female gender and a history of car sickness or PONV were independent risk factors for PONV. These factors were used to create two risk factor models-one a gender-only and the other a gender plus past-history model. Although neither model increased discriminatory power significantly over those of the other five risk-score systems, the number of predictors was reduced. The reduction in predictors, but comparable AUC, may encourage anaesthetists to use these newer prediction models as guides to possible prophylactic antiemetic treatment. Our results also indicate that it is important to revalidate commonly used scoring systems, before the introduction of a new risk score, in a population that has not previously been studied.
The incidence of PONV was 42% in our population, which is similar to that reported in two European studies 4 . However, some of the intraoperative and postoperative independent risk factors described in other studies were not validated in our cohort.
Postoperative opioid use was an independent risk factor included in two of the five other scoring systems 4,7 , but was not found to be a risk factor in our cohort, despite opioids causing nausea and vomiting. In our hospital, liberal use of postoperative opioids is usual clinical practice and postoperative opioid use may not have been a predictor because almost all patients (90%) in the study received opioids.
'Non-smoker' as a status was a significant independent predictor of PONV risk in four of the five existing systems [4] [5] [6] 8 but was not a significant predictor, despite significantly more non-smokers than smokers having PONV. The reason was the very low rate of smoking among females in Taiwan, compared with the countries in which 'non-smoker' was found to be an independent risk factor 17 . Whether smoking appears as an independent risk factor is affected by population differences 14, 15 . Younger age, longer surgery and general (rather than other types of) anaesthesia were significant risk factors in other studies. In our study, the average age of those with PONV was significantly younger, but age did not reach significance as a risk factor. The type of surgery proved a risk factor in the Sinclair study 6 , as it did in ours, but the types of surgery that increased risk differed, being plastic and shoulder orthopaedic surgery in Sinclair's and laparoscopic surgery in our study.
In the original simplified Apfel risk score population, PONV incidence more than tripled, but in our population it only doubled, as the number of risks assigned to a patient rose from one to four. The smaller increase and poorer predictive power of the Apfel simplified risk-score system in our population was because neither non-smoker status or postoperative opioid use were significant independent risk factors in our population. These factors added little predictive power to the Apfel system when applied to our study population. This illustrates the need to re-evaluate scoring systems for different populations to those from which they were derived.
Whether a risk-scoring system should guide the administration of prophylactic antiemetic drugs 18, 19 or whether prophylactic antiemetics should be liberally used 20, 21 is a debatable question and each approach has advocates. A problem with applying risk-score systems is a low adherence rate to guidelines, for example only 40% in one study 22 . Automated reminders increase compliance but this may fall soon after the reminder system is discontinued 22 . Another problem with use of a risk-score system is that PONV is very common, so if the system is used to limit prophylactic drug administration to only high-risk patients, many low-and medium-risk patients suffer PONV that might have been avoided by means of prophylaxis.
There are two major reasons to prevent PONV. The first is that the retching and vomiting on emergence from anaesthesia can have serious consequences, such as aspiration of gastric contents or oesophageal rupture. However, the occurrence of such side-effects is rare and unpredictable. The second reason is the importance of eliminating PONV to patient satisfaction. Some patients consider PONV to be the most undesirable of ten possible postoperative outcomes, including postoperative pain 23 . General improvement of patient satisfaction is an argument for liberal prescription of prophylactic antiemetic drugs.
In Taiwan, granisetron is the only 5-hydroxytryptamine antagonist on the government list approved for use as a perioperative antiemetic. Its cost is 900NT (AU$37.00) and it is not covered by government insurance. Other antiemetic drugs such as dexamethasone and droperidol are both low in cost and have few side-effects. These three drugs act on different receptor types and if each drug decreases risk by about a third 24, 25 , giving all three might almost eliminate PONV. However, the number needed to treat (NNT) to eliminate one case of PONV would be much smaller among Taiwanese women (PONV incidence 53.9%; NNT 6.25 and 3.1 with one and two antiemetic drugs respectively) compared with Taiwanese men (PONV incidence 25.2%; NNT 13 and 6.6 with one and two antiemetic drugs). In addition, the clinical importance of PONV to patients may not be as high as previously suggested 26, 27 . So considering the overall incidence, clinical relevance, drug cost and NNT, the authors consider it reasonable to suggest use of prophylactic antiemetics for all Taiwanese women undergoing surgery under general anaesthesia with tracheal intubation.
This study has a number of limitations. It enrolled patients from only one tertiary hospital in Taiwan. The patients were scheduled for major surgery, might have been older than the general hospital surgical population and the findings may not apply to younger patients. Part of the higher risk seen in the female population versus male was probably due to the fact that more were non-smokers, an independent risk factor in other studies. The study focused on patients having general anaesthesia with tracheal intubation and major operations of long duration, so the results may not be generalisable to other types of anaesthesia, airway management or surgery.
Conclusion
In conclusion, all risk-prediction systems had only moderate discriminatory power in our Taiwanese cohort. Using only female gender as the predictor showed similar discriminatory power and was much simpler than alternative scoring systems. It is important to perform a cross-validation study before applying a new risk-score system for PONV to a different population.
